Abstract. Recently, we identified htid-1, the human counterpart of the Drosophila tumor suppressor gene lethal(2)tumorous imaginal discs [l(2)tid], as a direct molecular ligand of the adenomatous polyposis coli (APC) tumor suppressor. The gene encodes three cytosolic (Tid50, Tid48 and Tid46) and three mitochondrial (Tid43, Tid40 and Tid38) proteins. In the colorectal epithelium the cytosolic forms hTid50/hTid48 interact under physiological conditions with the N-terminal region of APC. This complex which associates with additional proteins such as Hsp70, Hsc70, Actin, Dvl and Axin defines a novel physiological state of APC unrelated to ß-catenin degradation. Here we show that the expression of the genes htid-1 and APC was altered in colorectal tumors. These changes concerned both the localization and the expression level of all three htid-1 splice variants and of APC. Furthermore, we showed that the protein products of the two tumor suppressors co-localized in the basal and apical region of normal colon epithelia and that loss of differentiation capacity of colorectal cancers correlated with a shift in their expression patterns from compartmentalized to diffuse cytoplasmic. These findings support our hypothesis that the building of the multi-component complex mentioned above is associated with the maintenance of the polarity of cells and tissues. In addition, we provide evidence that colon cancer progression correlates with up-regulation of htid-1 and its ligand Hsp70. Since the Tid proteins are members of the DnaJ-like protein family, an essential component of the Hsp70/Hsc70 chaperone machinery, our findings describe a novel, causal link between the function of chaperone machines, APC-mediated Wg/Wnt signaling and tumor development.
Introduction
The evolutionarily conserved gene lethal (2) tumorous imaginal discs [l(2)tid, here below named dtid] was originally identified in the fruit fly Drosophila melanogaster (1, 2) . The latter, powerful 'co-worker' of developmental biologists for nearly a century, has also been recognized as an excellent model for human cancer biologists in the last decades (3) . The reason why this fly can make a fundamental contribution to identifying and elucidating the functions and functional relationships of human genes causally related to cancer are the biological properties of the epithelial integumental primordia of the fly's adult organs called imaginal discs (4) (5) (6) . Their growth is regulated by a variety of genes organized in interconnected networks responsible for establishment of cell polarity, pattern formation, direct cellcell interactions, and extra/intracellular signaling providing cells with information regarding their position in respect to their neighbours, and determining organization and differentiation of tissues (7) (8) (9) . Interestingly enough, recessivelethal mutations in these genes have been identified to cause either hyperplastic or neoplastic growth of the imaginal discs (3, 10) .
The causality of dtid in the autonomous but non-invasive growth of the imaginal discs of Drosophila was confirmed by gene therapy, performed via P-element-mediated introduction of the wild-type copy of the gene into the germ line, rescuing Progression of colorectal cancers correlates with overexpression and loss of polarization of expression of the htid-1 tumor suppressor the tumor phenotype (2) . The mutational events responsible for the tumorous growth were identified (11) . Furthermore, we found that the tumor arises from a defined area of the imaginal discs, namely those cells which are responsive to the signaling molecule Hedgehog (Hh) (12) . The involvement of dtid in the Hh-mediated signaling is mediated by binding of the cytosolic Tid47 protein to the Hh-bound Patched (Ptc) receptor (12) . Htid-1, the human counterpart of dtid, was isolated by yeast two-hybrid screening as a molecular partner of diverse tumor-related proteins such as the E7 oncoprotein (13) , the human interferon-γ receptor subunit R2 (IFN-γR2) (14) , the oncogenic viral Tax protein encoded by the human T cell leukemia virus type 1 (HTLV-1) (15) , the repressor of IκB kinase ß subunit (16) , the ErbB-2 receptor tyrosine kinase (17) , the Trk receptor kinases (18) and the von Hippel-Lindau tumor suppressor (19) . The murine homolog, mtid-1, was identified in a yeast two-hybrid screen as ligand of the Ras GTPase activating protein (GAP) (20) . The rat counterpart, rTid, was isolated as a molecular partner of the heat-shockcognate-glucose-regulated hscGRP75 molecule (21) .
Htid-1 encodes three splice forms htid-L, htid-I and htid-S encoding three cytosolic (hTid50, hTid48 and hTid46 and three mitochondrial (hTid43, hTid40 and hTid38) proteins (22, 23) . Recently, we identified the cytosolic hTid50/hTid48 molecules as direct molecular partners of the adenomatous polyposis coli (APC) tumor suppressor (22) , a central component of the Wingless(Wg)/Wnt transduction cascade which is directly dependent on Hh-Ptc signaling. Both signaling pathways in question are related to a variety of tumors including colorectal cancer and basal cell carcinoma (BCC) (24) (25) (26) (27) (28) . As described previously, in BCCs, loss of htid-1 correlates with loss of differentiation capacity of the neoplastic cells similar to what was found in the Drosophila tumor model (12) . Generally, our data suggest that in the case of both ligands Ptc and APC interaction with the Tid proteins maintains their homeostasis essential for proper regulation of proliferation versus differentiation processes of tissues in time and space (12, 22) .
The present study concerns our identification of hTid50/ hTid48 as a direct physiological ligand of APC (22) . Here, we described the expression profiles of these two tumor suppressors in normal human colonic epithelium and in poorly, medium-and well-differentiated colorectal cancers. We presented data implicating a clear consistency between the loss of differentiation capacity of the tumors and a shift in degree and subcellular expression patterns of the two proteins. This finding strongly supports our hypothesis linking the binding of hTid50/hTid48 with APC to the cytoskeleton and the establishment of epithelial cell polarity (22) . We further showed that the expression level of the DnaJlike Tid proteins increased in metastases as compared to the primary tumor, thus, suggesting that htid-1 up-regulation correlates with tumor progression. Furthermore, we showed that the changes in the expression level of the Tid proteins were accompanied by delocalization and elevated expression of the heat shock protein 70 (Hsp70). This finding is congruent with the functional dependence of the latter on binding to DnaJ proteins acting as their co-chaperones in the Hsp70 chaperone machinery.
Materials and methods
Patient and tissue collection. The normal and tumor surgical biopsies used in this study originated from patients free from therapy undergoing surgical treatment at two institutions: the Regina Elena Cancer Institute, Rome, Italy (33 patients) and the Institute of Pathology, Johannes Gutenberg University, Mainz, Germany (54 patients). Normal epithelium was isolated by microdissection. The patients released informed consent for the experimental use of the specimens. Upon removal, tissue samples were divided into two parts. One part was processed for routine histopathological examination, and the other was immediately shock frozen and stored in liquid nitrogen until investigation. The histological diagnosis followed the criteria of the International Union Against Cancer UICC (29) . All samples were characterized according to their TNM and G status. The differentiation state of the specimens originating from Regina Elena Cancer Institute used for immunohistochemistry was determined as poor (10 cases), medium (10 cases) and well differentiated (13 cases) (cf. Results, Table V) .
RNA isolation, RT-PCR, and quantitative real-time RT-PCR.
Total cellular RNA was extracted from frozen tissue specimens using RNeasy Mini kit (Qiagen), primed with a dT 18 oligonucleotide and reverse-transcribed with Superscript II (Invitrogen) in accordance with the manufacturer's instructions. The integrity of the obtained cDNA was tested by amplification of p53 transcripts in a 30-cycle PCR at 67˚C using the primers 5'-CGT GAG CGC TTC GAG ATG TCC G-3' (sense) and 5'-CCT AAC CAG CTG CCC AAC TGT AG-3' (antisense). For end point RT-PCR analysis of individual transcripts, 0.5 μl first-strand cDNA was amplified using the QuantiTect SYBR-Green PCR kit (Qiagen), transcript-specific oligonucleotides (300 nM each) and 1 U HotStarTaq DNA polymerase (Qiagen) in a 30-μl reaction volume, 40 cycles, in accordance with the manufacturer's instructions. Each PCR reaction was performed in triplicate using the following reaction conditions: initial denaturation/ activation for 15 min at 95˚C, 30 sec at 94˚C, 30 sec of annealing, and 30 sec at 72˚C. In each experiment, a templatefree negative control was included. The primer combinations and the annealing temperatures used for the specific amplification of fragments defining the single htid-1 splice variants are listed in Table I . Their location in relation to the htid-1 sequence (23) is schematically illustrated in Fig. 1 . For the specific amplification of an APC (30) fragment encompassing nt 10374-10558 the primers 5'-GAT AGG AGT GAA TAC ACC TAC-3' (sense) and 3'-GTA GAC ACA GTA CAG GCA TTG-5' (antisense) were used at an annealing temperature of 60˚C. The relative expression level of specific transcripts was calculated with respect to the internal standard (= reference) hypoxanthine guanine phosphoribosyl transferase (HGPRT) used to standardize each reaction run with respect to RNA integrity, sample loading and inter-PCR variations. Amplification of HGPRT was performed using the primers 5'-TGA CAC TGG CAA AAC AAT GCA-3' (sense) and 5'-GGT CCT TTT CAC CAG CAA GCT-3' (antisense) at an annealing temperature of 62˚C. A template-free negative control was included in each experiment.
Quantitative real-time RT-PCR analysis was performed using the ABI PRISM 7300 Sequence Detection System instrument and software (Applied Biosystems). In this approach, the fluorescent dye SYBR-Green was used to monitor DNA synthesis. We measured the cycle number at which the fluorescence intensity was greater than the background fluorescence; thus, at which the target amplification was first detected. This value is referred to as the cycle threshold, the Ct value. Consequently, the greater the DNA quantity of the target in the starting sample, the faster a significant increase in fluorescence signal will appear, yielding a lower Ct. During the exponential phase of the PCR with 100% efficiency (E) of the reaction, the fluorescence doubles at each cycle (factor 2 in the efficiency formula below) in accordance with doubling of the amount of the amplicon. The Ct value is proportional to the logarithm of the initial amount of the target DNA in the sample. Thus, the relative concentration of one target with respect to another is reflected in the difference in the cycle number, the ΔCt value, which is necessary to achieve the same level of fluorescence. In this study the differences in the Ct values between the target gene/splice form of interest (X) and the reference (R, here HGPRT) are referred to as ΔCt values and were calculated as follows: ΔCt(X) = Ct(X) -Ct(R). A ΔCt of 0 Figure 1 . Schematic illustration of the location of the primers used for amplification of the htid-1 splice variants L, I and S in relation to the length of the protein coding region of the gene (23) . htid-L consists of exons 1-11; htid-I is build of exons 1-10 and 12; and htid-S is generated by alternative splicing of exons 1-4 and 6-11 (cf. Table II ). In the upper scale, the nt positions of the first nucleotide of each exon are given. 1* marks adenine (A) of the start codon. The sequences of the primers are listed in Table I . f, forward; r, reverse. Table I . Primer combinations used to amplify the htid-1 splice variants htid-L, htid-I and htid-S. 
-----------------------------------------------------------------------------------------------------
a The nt positions are congruent to the sequence published by Yin and Rozakis-Adcock (cf. Fig. 1 ) (23) . In those cases where the used primers encompass two exons, the position of the first nucleotide of the second exon is in bold print and underlined.
-
indicates a ratio of 1 between the target and the reference [2 -(ΔCt) = 2 0 = 1; the number 2 defines the doubling of the amount of the amplicon with each reaction by 100% E]. Since E is determined by factors such as optimal design of primers, real-time PCR conditions, we previously optimized it for each target gene investigated (Fig. 2 ). Regressions were calculated using the graphad prism software. The Ct values versus cDNA (reverse-transcribed total RNA) concentration input were plotted to calculate the slope (mean ± SD). The corresponding real-time PCR efficiencies were calculated using the equation: E = 10 (-1/slope) . After normalization of the Ct values of both tumor and normal samples with respect to HGPRT, the change ΔΔCt in the expression levels of the target transcripts in the tumor sample as compared to normal tissue was calculated as follows: ΔΔCt = ΔCt tumor sampleΔCt normal sample .
Western blot analysis. The normal and tumor surgical biopsies used for Western blotting originated from patients free from therapy and undergoing surgical treatment at the Institute of Pathology in Mainz. Crude protein homogenates were prepared using a Dounce homogenizer in ice-cold TKM buffer (50 mM Tris, pH 7.5/150 mM KCl/5 mM MgCl 2 ) supplemented with the Protease Inhibitor Cocktail Complete™ (Boehringer) to a final concentration of 1 mM. All operations were performed at 4˚C. The total protein amount was quantified using the Bio-Rad Protein Assay (Bio-Rad Laboratories GmbH). The anti-hTid 66-480 antibodies (Abs) (cf.
Antibodies) were used in a dilution 2 μg/ml in TBS blocking buffer (0.05 M Tris/0.15 M NaCl, pH 7.5) containing 3% BSA (Sigma). All other Abs (cf. Antibodies) applied for immunodetection by Western blotting were used at the highest concentrations recommended by the manufacturer. Proteins were visualized using appropriate secondary AP-linked Abs or by enhanced chemiluminescence using the BM Chemiluminescence Western Blotting Kit in accordance with the manufacturer's instructions (Chemikon).
Antibodies. In order to detect the Tid proteins, we generated a polyclonal rabbit antibody, anti-hTid 66-480 , against the recombinant hTid protein fragment corresponding to amino acids (aa) 66-480 as described previously (22) . Booster injections, purification of antisera and determination of concentration via ELISA were performed as described previously (11, 12) . The mAbs against APC (F-3), the polyclonal rabbit Abs against APC H-290 and C-20 were purchased from Santa Cruz Biotechnology, Inc. The mAb against E-Cadherin (clone 5H9) was purchased from Progen. Mouse and rat mAbs to Hsp70 (SPA-819) and Hsc70 (SPA 815) were purchased from Biomol. Rabbit polyclonal serum against the C-terminus of Actin was obtained from Sigma. Secondary Abs labeled either with FITC or Cy3 were acquired from Sigma.
Immunohistochemistry. For immunohistochemistry of the samples originating from Regina Elena Cancer Institute (cf. The cycle numbers (cycle threshold, Ct) necessary to achieve the given level of fluorescence versus cDNA (reverse-transcribed total RNA) concentration input were plotted to calculate the slope (s) (mean ± SD, n=3). Regressions were calculated using the graphad prism software. The corresponding real-time PCR efficiencies (E) were calculated according to the equation E = 10 (-1/slope) . r
Patient and tissue collection), 4-μm cryosections were fixed in cold absolute acetone for 10 min. Biopsies were stained with the affinity purified polyclonal rabbit anti-hTid 66-480 Abs at the concentration of 40 μg/ml and the polyclonal rabbit Abs to the N-terminus of APC (H-290) (Santa Cruz) at the concentration of 20 μg/ml. Avidin-biotin indirect immunoperoxidase staining was carried out in accordance with standard procedures using commercially available reagents (Vectastain Elite). Sections incubated with normal rabbit IgG served as negative controls. 3-amino-9-ethylcarbazole (Sigma) was used as a substrate for horseradish peroxidase. Sections were counterstained with Mayer's hematoxylin. Three non-consecutive sections of each biopsy, representative of different areas of the tumor, were analyzed. Indirect immunofluorescence studies were carried out on the same substrates employing the polyclonal rabbit anti-hTid 66-480 Abs (see above) and a mouse monoclonal Ab (mAb) to APC (clone ALI 12-28, 10 μg/ml) purchased from Upstate. Fluorescein (FITC)-labeled goat anti-rabbit Ig (Cappel Labor West) and Texas-Red-labeled rabbit anti-mouse Ig (Molecular Probes) were used as secondary Abs. Slides were mounted with DAPI containing mounting medium (Vector) and observed using a light and a Leica confocal microscope (Leica). Biopsies originating from patients undergoing surgical treatment at the Institute of Pathology in Mainz (cf. Patient and tissue collection) were formalin (4%)-fixed and paraffinembedded in accordance with standard procedures. Sections (3-μm) were used for immunostaining reactions performed using the avidin-biotin/horseradish peroxidase complex (ABC/HRP) (Vectastain Elite) in accordance with standard protocol (31) . Prior to the blocking of the non-specific background, sections were incubated 15 min in a commercial microwave oven (600 W) and then cooled for ~20 min at room temperature. The samples were stained using anti-hTid and the mAbs against Hsp70 and Hsc70 (cf. Antibodies).
Statistical examination. RNA expression levels were reported as the mean values (n=3) ± standard deviation (SD). Statistical evaluation was performed using the Student's t-test.
Results

The expression of RNA encoded by the tumor suppressors htid-1 and APC was altered in human colorectal cancers.
Htid-1 is composed of 12 exons separated by 11 introns (23). It encodes three splice variants, htid-L, htid-I and htid-S generated by alternative splicing of exons 5 (153 nt), 11 (99 nt) and 12 (18 nt) of the gene (22, 23) . Htid-L consists of exons 1-11 ( Fig. 1) . The htid-1 I form consists of exons 1-10 and exon 12, and the htid-1 S form of exons 1-4 and 6-11 ( Fig. 1 ; Table I ). As described previously, htid-1 expression is tissue and developmental stage specific (22) . In tissues of the human gastrointestinal tract such as the stomach, jejunum, ileum, colon and rectum, transcripts corresponding to all three splice variants were detected (22) . To examine whether the expression of the single htid-1 splice variants differed in colorectal cancer as compared to normal colon epithelium, real-time PCR analysis of 18 adenocarcinomas of the colon, characterized with respect to the TNM and G status (Table II) , was performed (Table III) . The expression levels determined in colorectal cancers (Table III) were established in relation to an average expression profile defined for normal samples as 100% (Table IV) . With respect to the expression levels of the htid-1 splice variants in normal tissue, the Ct values (cf. Materials and methods) shown in Table IV described the highest expression for the I form and the lowest for the S form. This profile is consistent with data on expression of the hTid proteins (22) (Fig. 3A, h ). As shown in Table III , all tumors investigated expressed aberrant RNA profiles of both tumor suppressors, htid-1 and APC, as compared to normal tissue. In the case of htid-1, the differences concerned all three splice variants. The htid-1 expression patterns varied from down-(cases 1, 2, 6, 11-13, 15, 17 and 18) to up-(cases 3, 4, 9 and 10) regulation of all three forms. Interestingly enough, in the latter 4 cases the increase of htid-L expression was clearly higher as compared to the other two splice variants. In two cases (8 and 14) a prominent up-regulation of htid-L was detectable whereas the two smaller forms were down-regulated. Generally, the htid-1 RNA levels detected in Table II . TNM status and grading of the human colon adenocarcinomas investigated. T  2  3  3  3  3  3  3  3  3  N  0  0  0  0  2  2  2  2 G  2  2  2  2  2  2  2  1-2  2-3   Sample  10  11  12  13  14  15  16  17 18
T, tumor extension: T1, to submucosa; T2, to muscle layer; T3, to subserosa; T4, to serosa. N, lymph node affection; M, metastasis. G, grading: G1, well differentiated; G2, medium differentiated; G3, undifferentiated; x, not defined.
the tumor samples did not indicate an association with either the TNM or the G status of the samples.
With regard to APC, all tumor cases investigated showed lower RNA levels as compared to normal tissue (Table III) . In most cases (1, 3, 4, 8, 11, 13 and 16) , the expression decreased below 20% of that determined in normal epithelium. Similar to the values determined for the htid-1 splice variants, the results obtained for APC indicated no relationship between the RNA expression level and the TNM and/or G status of the examined samples.
Primary colorectal tumors express aberrant levels of the distinct Tid proteins and APC.
By Western blot analysis of immunoprecipitates performed from normal colon epithelia and from subcellular fractions isolated by differential centrifugation and separation on continuous sucrose gradients, three cytosolic (hTid50, hTid48 and hTid46) and three mitochondrial (hTid43, hTid40 and hTid38) proteins were identified (22) . Furthermore, this analysis revealed that the mitochondrial proteins L and I occur in two forms postulated to be posttranslational modifications (22) . Whereas all three mitochondrial forms were well visible in crude homogenates (Fig. 3A, h ), the cytosolic forms I and S were detectable under normal conditions first after enrichment by immunoprecipitation (22) . In primary colorectal cancers, G2 (Fig. 3A , cases 1-6) as well as G3 (Fig. 3A, cases 7-12 ), the expression profiles of the Tid proteins differed as compared to normal colon epithelia (Fig. 3A, h ). The differences concerned both their expression levels and the ratio of the two forms postulated to be posttranslational modifications (22) . The S form was either very weakly expressed or not detectable (Fig. 3A) . Similarly, as established using quantitative realtime RT-PCR (Table III) in most of the cases de-regulation of more than one of the Tid proteins was detectable (Fig. 3A) . A relationship between the expression levels of either of the Tid proteins generally or a defined Tid form and the differentiation stage of the tumor could not be established at present.
Because of the physiological interaction of the products of the tumor suppressors htid-1 and APC (22) and because of the fact that the Tid proteins as members of the DnaJ class of molecular co-chaperones are functionally linked with the Hsp70/Hsc70 proteins (32), we examined the above tumor samples for the expression of APC, Hsp70 and Hsc70. As shown in Fig. 3B , APC was expressed in all samples. Furthermore, since the Abs used for this study, APC (C-20), are directed against the C-terminal part of the molecule, the results obtained suggest that the detected bands corresponded to the full-length APC molecule (Fig. 3B) . Generally, in most Table III . Percentage of increase/decrease of expression of the three htid-1 splice forms L, I and S, and APC in human colon adenocarcinomas as compared to normal tissue (100%). L  28  53  611  516  637  37  94  250  1136  htid-I  26  70  114  139  146  11  102  64  252  htid-S  42  89  114  102  44  3  98  26  165  APC  14  80  5  14  55  23  39  5  49   Sample  10  11  12  13  14  15  16  17  18 ---------------------------------------------------------------------------------------------------- 
The expression levels were calculated as follows: ΔΔCt = ΔCt tumor sample -ΔCt normal sample x 100% (cf. Table IV and Materials and methods). The designation of the samples (1-18) corresponds to that described in Table II. - of the G2 tumors (cases 1-4) its expression was comparable to that detected in normal epithelium (Fig. 3A, cases 1-4 , cf. h) whereas G3 tumors exhibited definitely higher APC levels as normal tissue (Fig. 3B, lanes 7-12, cf. h ). These results were not consistent with the real-time PCR data. They suggested that the development/progression of the adenocarcinomas investigated by real-time PCR and by Western blot analysis may be due to aberration of further colon cancer-related molecules, components of the Wnt/Wg pathway, e.g. ECadherin (27, 32, 33) . Indeed, determination of E-Cadherin expression in these samples revealed that the full-length 120-kDa molecule was, in all the cases investigated, either degraded or its level of expression was altered (Fig. 3C) . Furthermore, some cases were characterized by very low expression levels of both the 120-kDa and 80-kDa molecule. In some cases the 80-kDa E-Cadherin molecule was also degraded. Thus, generally, the samples investigated by Western blotting were all characterized by aberrant expression profiles of E-Cadherin as compared to normal tissue.
With respect to Hsp70 (Fig. 3D ) the primary cancers showed differences in its expression levels as compared to normal epithelium. However, a correlation between upregulation of Hsp70 and tumor progression as detected by immunohistochemistry of primary cancers and metastases (cf. Fig. 4 , E-H) was not prominent between the G2 and G3 tumors. In contrast, the expression of Hsc70 was comparable for the normal tissue and the primary tumors (Fig. 3E) . The similar Actin (control for loading) expression levels detected in all tumor samples (Fig. 3F) indicated that the experimental conditions were well standardized. The higher Actin level detected in the normal epithelium as compared to tumor samples is consistent with the fact that tumors are generally characterized by down-regulation of the Actin system (34) . Fig. 3A and B) showed that the expression profiles of the functionally linked tumor suppressors htid-1 and APC were altered in primary colorectal cancers. These data concern the general expression levels of the two genes. However, they do not provide information regarding the distribution of the products of the genes at the cellular level. Thus, to elucidate the possible link between the changes in the expression profiles of the two genes and the tumorigenic process, we next examined their expression profiles in colorectal cancers by immunohistochemistry. This analysis was performed using different tissue substrates namely cryosections originating from the Regina Elena Cancer Institute in Rome (Table V; Fig. 4 ) and formalinfixed paraffin-embedded biopsies originating from the Institute of Pathology in Mainz (Fig. 5) . The former samples were classified according to their differentiation state into three groups: well (13 cases), medium (10 cases) and poorly differentiated (10 cases) (Table V; Fig. 4 ). The expression patterns were detected using fluorescence (Fig. 4A-F ) and light microscopy ( Fig. 4G-J) . As shown in Fig. 4A , in the normal human colon, the htid-1 expression was limited to the epithelium. Here staining performed using the anti-hTid Abs was visible from the crypt up to the luminal area in the basal (arrowheads), apical (triangles) and the lateral (arrows) cytoplasm (Fig. 4A, C and D) , but not in the apical-luminal area. APC was expressed in the epithelium (Fig. 4B-D) . Here the Abs against APC used stained the basal (arrowheads), lateral (arrows), apical (triangles) and apical-luminal parts (stern, cf. Fig. 4C and D, the red rim underneath the region where the molecules in question co-localized in the apical area). Thus, the distribution of both tumor suppressors in question was closely associated with the pronounced apicalbasal polarity of epithelial cells. As shown in Table V and Fig. 4 , the pattern of the anti-hTid 66-480 stain changed from compartmentalized to homogenous (Fig. 4E-G and I ) in accordance with loss of differentiation capacity of the tumors. The normal distribution was already less prominent in the well-differentiated tumors (Fig. 4E and F) where it was visible in most cases either in the basal or apical portion and only rarely at both poles as was the case in normal cells (Fig. 4A,  C and D) . In fourteen of the 33 cases investigated (42.4%) the immunoreaction was definitely stronger (++) in the entire tumor (Table V, cases 1, 2, 4, 5, 11-15, 17, 21, 23, 25 and 30 ) as compared to normal epithelium (+). This finding strongly Table IV . ΔCt values determined in normal colon epithelium for the tumor suppressors htid-1 and APC by real-time PCR. 
The pattern of the anti-hTid 66-480 and anti-APC stain changes in primary tumors from compartmentalized to homogenous in accordance with loss of differentiation capacity. The analysis of colorectal tumors by real-time PCR and Western blot analysis (Tables II-V;
-----------------------------------------------------------------------------------------------------Target gene/splice variant htid-L htid-I htid-S APC -----------------------------------------------------------------------------------------------------
implicates up-regulation of expression which, however, does not necessarily seem to be associated with a loss of the differentiation state of the tumors. Similarly in the poorly, medium-and well-differentiated cancers, cases showing a weak stain with negative areas, homogenous stains comparable to those found in normal cells and strong stains were found (Table V) . The percentage of cases exhibiting a strong stain varied from 30.8% in well-differentiated tumors, 40% in poorly differentiated samples to 60% in medium-differentiated cancers.
The distribution and the expression levels of APC were also altered in the investigated colorectal cancers (Table V) . Similar to htid-1, in poorly differentiated cancers, APC was no longer compartmentalized, but homogenously distributed (Fig. 4J) . In most of the well-and medium-differentiated cancers, the anti-APC staining in the apical region (Fig. 4H) was preserved whereas only isolated areas were stained in the basal portion. In this subset, also staining in the lateral areas was observed (Table V) . Generally, in most of the 33 tumors investigated (19 cases), weaker APC expression was visible in the tumor as compared to normal epithelium. This finding is consistent with the data obtained using real-time PCR (Table III) . One case of poorly differentiated cancer was negative for htid (Table V, case 3). The same case was also negative for APC. Since, however, in two further APC negative cases, one well ( The analysis of colorectal cancers by Western blot analysis revealed, furthermore, that htid-1 expression was also altered in colorectal cancers characterized by aberrations of ECadherin expression profiles (Fig. 3C) . As described previously, E-Cadherin is not a direct molecular ligand of the Tid molecules (22) . Thus, the aberrant expression profiles of htid-1 and E-Cadherin are not a consequence of a functional link.
Increase of htid-1 and hsp70 expression correlates with tumor progression.
The correlation between loss of differentiation capacity and loss of compartmentalization of htid-1 discussed above concerns primary colorectal tumors. Thus, to investigate the potential association of htid-1 expression with tumor progression, we next examined comparatively in 24 colon cancers (12 G2 and 12 G3) the expression levels of the gene in the normal epithelium, in the primary tumor, and in the lymph node and liver metastasis derived from one patient. As shown in Fig. 5 , htid-1 up-regulation correlated with tumor progression. The intensity of the staining was visibly stronger in the primary tumor (Fig. 5B ) as compared to normal tissue (Fig. 5A) . The lymphatic infiltration visible in Fig. 5B (arrow) already indicated that up-regulation of htid-1 was associated with tumor progression. Anti-hTid 66-480 staining of the lymph node (Fig. 5C ) and liver metastasis (Fig. 5D ) supports this finding.
Upon consideration that DnaJ-like proteins act in concert with the Hsp70/Hsc70 molecules whose expression have been found to be altered in a variety of cancers, we examined the same samples for expression of both Hsp70 and Hsc70 (22,35-37). As shown in Fig. 5E , Hsp70 was expressed in the basal and luminal cytoplasm of the normal epithelium. In the . Anti-hTid 66-480 stained the basal (arrowheads), lateral (arrows) and the apical (triangles) cytoplasm of the epithelium, from crypts to the luminal area. Anti-APC staining is visible in the basal (arrowheads), lateral (arrows), apical and the apical-luminal (sterns, cf. C,D, the red rim illustrating the presence of APC, but not hTid) cytoplasm. Co-localization is visible in those areas where both proteins are expressed (C-F). In the well-differentiated carcinoma (E,F) the expression pattern of both proteins is already less focused as compared to normal tissue. Light micrographs of medium (G, H) and poorly (I, J) colon cancer stained for hTid (G, I) and APC (H, J). The expression pattern of both hTid and APC changed from compartmentalized to homogenous in accordance with loss of differentiation of the tumors. The arrowhead in G marks the basal area whereas the arrow labels the apical part. The arrowhead in H marks the apical-luminal region.
primary tumor (Fig. 5F ) and in lymph node (Fig. 5G) and liver (Fig. 5H ) metastases, the level of the protein was clearly increased as compared to the normal epithelium, similarly as detected for htid-1 (Fig. 5A-D) in comparable tissue substrates. In contrast, staining of the same tumor samples using antiHsc70 showed that loss of polarity and differentiation of the cells did not alter the expression of Hsc70 which was uniformly distributed in the cytoplasm of colon epithelia (data not shown).
Discussion
In recent years the cancerogenous steps of colorectal cancer, the second most common cancer in developed countries, have been elucidated considerably. However, important gaps still remain. Our recent discovery of the cytosolic Tid proteins Tid50/Tid48 as direct physiological partners of APC suggests a novel functional relationship of the latter in the already wellestablished Wg/Wnt signaling related to diverse pathological events, among them colorectal cancer.
Both inherited and sporadic colonic tumors arise sequentially from precancerous polyps or adenomas (38) . Colorectal tumorigenesis proceeds through a series of genetic alterations in evolutionarily conserved oncogenes and tumor suppressor genes which in accordance with the model proposed by Vogelstein and co-workers occur in a sequential order and are associated with well-defined morphological changes (39) . The progression of the disease is evidently determined by the total accumulation of these events. Some of the genes involved, e.g. APC, act in tumor initiation and progression (39) . However, alterations of the function of further components of the Wg/Wnt pathway such as ECadherin, ß-Catenin, and GSK-3ß are also causally linked to colorectal and other cancers (9,24,27). Table V . Degree of expression and distribution patterns of Tid and APC in colorectal cancers of varying differentiation grade. 
-, no stain; ±, weak stain with negative areas; +, homogenous stain; ++, homogenous strong stain. a If not specified, then the cytoplasmic staining pattern does not display a subcellular polarization.
The multifunctional APC protein acts in the Wg/Wntmediated signal transduction, apoptosis, cell migration and chromosomal segregation at mitosis (24, (26) (27) (28) . The conserved Wg/Wnt signaling plays a critical role in development and oncogenesis (32) . It regulates cell fate and pattern formation in invertebrates and vertebrates (3, 8, 9) . Its developmental role has been studied using animal models such as Drosophila, C. elegans and Xenopus. In Drosophila, disruption of the signaling causes segment polarity defects (3). In vertebrates, mutations affecting the function of the various genes participating in the cascade, acting either as tumor suppressors or oncogenes, are causal in the development of a variety of cancers (9, 24, 27) . The functional analysis of these genes performed using the above mentioned animal systems and mammals allowed the establishment of the canonical Wg/Wnt signaling currently known. It plays alternative roles in cell migration and adhesion. In the presence of the signaling molecule Wg/Wnt, the cascade is activated and regulates the level of ß-Catenin accumulating in a complex with TCF/LEF transcription factors driving expression of target genes such as c-myc or cyclin D1 involved in the regulation of cell proliferation (26) (27) (28) .
The direct link between loss of the dtid gene function(s) and tumor formation has been definitely documented by germ line rescue of the Drosophila tumor phenotype (12) . Its isolation as a molecular ligand of oncogenes, tumor suppressors and other cancer-related molecules supports its causal involvement in tumor onset via different modes (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) . Our recent identification of Tid50/Tid48 as APC partner (22) extends the list of its tumor-related physiological ligands and, furthermore, provides additional proof for its action at different levels of cancer-related signaling networks. Therefore, loss of function and/or malfunction of htid-1, may affect diverse physiological events and, vice versa, its action may be affected by de-regulation of various genes. Indeed, our preliminary study on htid-1 expression in various cancers showed alteration of its expression in diverse cancers (40) .
In this study we provide clear evidence that htid-1 is altered in colorectal carcinomas. These alterations were linked to both loss of polarity of the cancer cells and tumor progression. In normal colon epithelium, the distribution of both tumor suppressors htid-1 and APC was closely associated with the pronounced apical-basal polarity of epithelial cells. In colorectal cancers, htid-1 expression was altered with respect to both the levels of expression and distribution. The concordance of htid-1 up-regulation with tumor progression suggests that the physiological level of htid-1 expression is associated with negative regulation of the proliferative potential of the epithelial cells. The alterations of htid-1 RNA levels concerned all three splice variants of the gene and varied from down-to up-regulation of the single forms. Since altered htid-1 levels were detectable in all colon carcinomas (a total of 57 cases were investigated by immunohistochemistry, 18 cases by real-time PCR and 12 cases by Western blot analysis), as well as those which showed decreased APC levels and those which were characterized by alterations of E-Cadherin expression profiles, this phenomenon seems to be of general relevance to colon cancer. However, in the case of APC, the direct ligand of the cytosolic hTid50/ hTid48 molecules, the prominent changes in htid-1 profiles were accompanied by changes in the distribution of APC. Generally, the htid-1 and APC RNA levels detected in the investigated tumors did not indicate an association with either the TNM and/or the G status of the samples. However, already in primary tumors the distribution of both tumor suppressors changed from compartmentalized to homogenous in accordance with loss of polarity and differentiation capacity of the epithelial cancer cells. This finding is consistent with the role of APC in maintaining the apicalbasal polarity of the colonic epithelium. It is also in keeping with our previously published hypothesis that the binding of Tid to APC is associated with maintaining the distinct roles of APC in the cancer-related Wg/Wnt signaling and regulating the onset of proliferation of cells (22) .
With respect to the association of htid-1 with the metastatic potential of colorectal tumors, an increase in htid-1 level was already visible in infiltrates of lymph vessels in primary tumors. Metastases, such as lymph node and liver, showed drastic up-regulation of htid-1. Interestingly enough, these changes were accompanied by up-regulation of Hsp70, a direct ligand of the DnaJ-like hTid50/hTid48 molecules and their partner in building the multi-component complex consisting of Tid50/Tid48-bound APC, Hsp70, Hsc70, Actin, Dvl and Axin (22) . Thus, these findings provide additional support to our previously published hypothesis that htid-1 function is crucial at distinct levels of cancer-related signaling networks involved in the regulation of cell polarity and fate and pattern formation and is related to both neoplastic transformation of cells and cancer progression (12, 22) .
As described previously the Tid proteins belong to the DnaJ co-chaperone family functionally linked to the evolutionarily conserved Hsp70/Hsc70 chaperone machinery responsible for correct folding and assembly/disassembly of proteins and protein complexes (35, 36) . In higher eukaryotes this machinery orchestrates a variety of processes determining both embryonic and the entire adult life. Furthermore, its association with tumorigenic processes has been well documented (37) .
Our identification of APC as a molecular ligand of hTid50/hTid48 and, furthermore, in a complex with Hsp70/ Hsc70, Actin, Dvl and Axin presents a novel aspect concerning the biology of cancers associated with either loss or malfunction of APC (22) . Namely, the malfunction of APC does not necessarily result from the alteration in the APC gene itself, but may go along with changes in htid-1 function or even results from it. Furthermore, aberration in expression of the hTid proteins determining the function of the Hsp70/Hsc70 molecules may go along with changes in the expression and biological activities of the latter. Indeed, our studies addressing the above contexts support these implications and emphasize the complexity of the functional networks. Examination of expression of the physiological partners APC and hTid in untreated primary human colorectal cancers clearly showed that the expression of both tumor suppressors was altered in all investigated cases. The alterations detected concerned both the localization and the expression levels of the proteins addressed. Interestingly enough, the compartmentalization of both molecules in normal colon epithelium was lost with concomitant loss of differentiation capacity of the tumors ( Fig. 4 ; Table V) . Since the molecular events leading to the colorectal cancers investigated are not known, speculations regarding the causality between a de-regulation of htid-1 and/or APC and the neoplastic transformation of these tumors cannot be made at the present state of knowledge. In the case of htid-1 gene products the altered expression involved all three splice variants in both cytosolic and mitochondrial location (Table II; Fig. 3 ). Since the Tid proteins participate in a spectrum of cellular functions, this finding implies that de-regulation of htid-1 may upset a variety of cellular processes. In view of the physiological link of APC-bound htid-1 with the components of the Hsp70 chaperone machinery, htid-1 alterations may also determine the proper function of this machinery and vice versa, its function may be altered by deregulation of Hsp70/Hsc70 molecules.
Collectively, our data describing the components of the multi-complex which includes hTid-bound APC and the proteins Hsp70/Hsc70 (22) and the expression study performed in a representative panel of colon cancers described in this study support our hypothesis that the interaction of hTid50/ hTid48 with APC is associated with the APC-mediated Wg/Wnt function in morphogenetic processes signaling toward the cytoskeleton and cell polarity. Changes in the function(s) of one of the molecular partners may consequently result in alteration of the function(s) of the whole complex and, thus, in the de-regulation of these processes. Furthermore, since htid-1 seems to act upstream of APC, it can be expected that changes in the expression of the latter affect primarily the downstream components of the signaling. However, it should be considered that loss of APC will automatically lead to a collapse of the concentration gradient of the hTid proteins in the cell. Mutations in htid-1 on the other hand can directly affect both the function of APC and the functionally dependent down-stream components. Along this line a screen of colorectal tumors for htid-1 mutations may be helpful to establish its causal involvement in colorectal tumorigenesis and its role in APC-mediated functions. In view of the physiological link of APC-bound hTid50/hTid48 with the components of the Hsp70 chaperone machinery (22) and the correlation of alterations of htid-1 and Hsp70 expression with tumor progression, these data underline the causal importance of chaperones in cancer-related signaling.
